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PREFACE

No two investigators would nreclsely agree on & 1list of animals
of interest to the Quartermester Corvs, elthough, obviouely, everyone
would agree on a certain minimum liet, The beasgis of the following
renort renmresents necessarily, to a considerable extent, my own ver-
esonal reaction to the nroblems as I see them, end I can merely hone
that my reactions have not been abnormal, I hove felt free throushout
the work to make cholces between inclusion snd exclusion, For exammle,
I have included a considerable nurmber of beetles that are falrly cer-
tain to be ourely nredacious, and therefore, sctually beneficisl, but
the data et hand is not sufficlent to orove this noint. On the other
hand, I heve excluded all those insects which ere of relatively freauent
occurrence in connection with grain and wood, but which are known to be
definitely vnarasitic or onredaclous. What may snnear to be e more
gserious omission is that of the tvo or three snringtells which have
been revorted in connection with stored nroducts, and a few smecles
of true bugs (Hemintera). For what anneared to me to be even more
comvelling reasons I have been frankly eclectic in my coneideration
of control measures. 1t seemed useless, for eramole, to 1llst all of
the described ent baits when & simvle convarison shows that many of
them are extremely minor modifications of others, and there 1ls no
clear evidence that the modifications have any real value. I have,
therefore, attemoted to include those messures whose efficacy is
vouched for by a sufficlent beckground of nractical exnerilence.

For the most nert I have omitted refrrences to the literature,.
The material in this revort is derived from a consideration of meterial
contained in some thousands of vavers, which I heve exanined either
in the original or in abstract. Many such oaners eech conteined only

a single fect of use,

It hes been my hove that this revort would serve as n besis for
the selection by the nrover authorities of a series of control measures
and for the establishment of a control organization, which should leed
as frr o8 noseible to the smelioration of damage from insect =ttack,

I feel thet I should rddress one word svecifically to the gentle
resder, This revort is in a menner of sneaking an &-ring circus, and
I therefore urge the reader to meke full use of the Trble of Contents
and the Index in following uv any one lina of thought.

There remains the vleasant duty of extending my thanks ond
apnreclation to those who have also labored umon it, My colleborator,
Dr. Russell, nerformed certain very necessary, and 1t must be ~3ded,
time-consuning end tedious wourk, My only regret 1is that his henlth
did not mermit him to continue to the end of the undertaking, He 1s
not to be held resoonsible for any errors nf omieslon or commiselon,
The sctual work of nutting the revort into tyvewritten form 1n 1ts
various stages was nerformed by Miss Frencee A, Kerr, Mrs. J. R, Finton

end Miss Loulse M, Miller.
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Note to the Mimeogranhed Edition

This edition differs in a few minor detalls from the original

tynewritten reoort, All the additions end corrections excent two
have been embodled in the text, A very few comnon names heve been

added, but no essential changes have been nade.

It is to be regretted thet so nany common names of insects as
found in orint are literary rather than "vulgar". This aovears to
be esnecially true of the French nanes, where the situation 1s
further comvlicated by the fallure to distingulsh fundamentally differ-

ent insects.

The conversion from the tynewritten to the mimeogravhed form
nhas been carried out by Mrs. John G, Whelan.

Charles H, Blake

Cambridge, lMass.
Novenmber, 1943

ADDITIONS and CCRRECTICNS

Page 124 - lethane 1s n-butylcarbitol 1sothiocyantte.

Page 148 - add additional voisons for rat baits, barium carhonate
end arsenic trioxide,.

111
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INSECTS AND OTHER ANIMALS OF INTEREST TC THE QUARTERMASTER CORPS
1., INTRODUCTORY

The scone of the vresent investigation, which is largely, of cours
devendent uvon the literature, reflects my own conviction that the basic
factor involved in insect attack 1s the insect itself, From the stand-
voint of the user of 2 certain oroduct or material, that oroduct or
material eeems all-lmoortant; however, there is so nuch overleswoing of
insect attack unon somewhat various materiels that in most cases a con-
siderrtion of the blology of the insect nmay enable us to nrotect a
variety of materials by a single method, One need only noint to the
essential simllearity of ternite attack uvon wood, vaver, cloth, end even
other materials, to demonstreote this wnoint. By tho samn token inscets
faill to rocognize any of the dividino lincs which for other surnoscs mey
be drawn within ean orgenlzrtion like the ~rny, As a consequence, I have
not confined myself to a considerntion only of those meterisls "hich
are suoolied by the Quertermrster Corns., The attack of insects unon
materials which would be ordinarily suonlied by the Enginecer Cormns or
the Signal Corvs may well be instructive, »nd in addition, the Qunrter-
nmastecr Corns mey be exvected nt sone tlno to do eonothinﬁ sbout such

insect atteck,

If we must divide the orotection of the army npeinst insecte into
more or less watertight convartments, then it would seen thrt the only
rengonoble division is between those insecte which atteck living organ-
isme, man end nnimals, and which I lenve fs the nrovince of the Mediesal,
Sanitary, end Veterinary Corvs, and on the other hand, those insects
which attack non-living mnterivls whose control 1is outeide the nrovince

of the corvs Just mentioned.

Aside from the utilizetion of materials existing in the ordinery
opublished literature, I have drrwn ns freely as nossible unon the variou
unnublished rnd mineogranhed materisls which have becen nrde renerously
avallable to me, and uvon ny own observeations.,

la, The substances considered »nd their commosition,

Since there =2re in the literature very few direct refer-
ences to damege to military equinment by insects, 1t wrs necessary to
consider the substances of which military equiovment and sunvnlies are con.
noged and to beese the study of the liternture on these commonents. It
wag 180 necessnrry to teke into eccount the various methods used in nack.

inm and storing equioment.

In the moet generel terme everything of animeal orizin we
taken into account, whether rood, fur, fiber or edheelive; einilerly, ell
naterinrlg of nlant origin suca ee wood, fiber, adhesive or foud, In the
case of foods, =ccount wnag taken of the forn in which they were likely
to be utilized. For examvle, both fresh and dried neats were included,
but for the most mart only dried fruits and vegetnbles, A fow native
nroducte, for examnle coorn, were included since thelr nresence on or




very near scenes of overation could be a source of infestatlion of
imnorted food. Over and above these more obvious materials a record
was keot of all insects attacking certain other substances; metals,
rubber goods, synthetic fibres, vlastics,

It is rather unfortunate that many of the materials which
are listed as attacked by insects are of indefinite or varlable com-
vositlion. This 1s esvneclally true of fabrics which in addition to the
fibre may have rinishes of very diverse chemlcal comvositilon,

In addition to those insects which have been associated
with narticular substances, I have included a considerable number that
are found in bulldings although no definite information on their food
1s availlable., In almost e1l1l of these cases their close relations are
known to infest substances of lnteresgt to us.

1b, Sources of information,

The orimary source of information was Series A of the
Review of Aovlied Entomology (1913~ date). Numerous individual refer-
ences were looked up, so that all essentlal earller articles were seen,
In addition a number of mersons ccntributed nersonal data on svecial
voints., It 18 not assumed that every existing item of information was
located, but I do feel that no imnortant insect was omltted,

As mentioned above, I heve b2en generously allowed to
utilize certein actually unoublished material, Pert of thie consists
of observations whicr have been recounted to me by other entomologists
and by nest control omerators over a veriod of some years, Even more
imoortant has been the contribution of the current revnorts of the
regional conferences of the Nertional Pest Control Association, which
were very oblipingly loaned to me by the secretary of the association,
Mr., William O, Buettner. These contaln many excellent summaries of
exiating information in a2 form which is more usable than anveesrs in
any ordinary nublication,

lec., Limitations of the survey,

Any survey of this sort i1s subject to considerable 1limi-
tations, In the first olace, our knowledee of the habits and require-
mente of animels, esveclally in the less accesslble verte of the world,
is extremely deficient., Second, even where we have considerable lists
of materials attacked we may not be able to conclude anything with re-
gard to the nutritive requirements of the nest or the ourpose which 1is
served by the attack, It is, in fact, orobable that in very many cases
materials are infested only because they ere adjacent to adequate food,
or because they attract the insect as though they were food, Third, the
develonment of information with regard to new naterials 1s rether slow
As a consequence there scems to be no information on most of the newer
synthetic fibres and vlastics. The false essumntion tends to be made
that such substances, because they are relatively stable Aand are arti-
ficinl, are immune to damage., The small amount of data on nylon voints
out the invalidity of such assumotions, Lastly, the large number of
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of ingects to be considered and the nunmerous questions which arise in
inveetigators' minde make 1t immossible, within i2asonable limits of
time, for one or two nersons to carry every line of thought to its
ultimate limits.

Ee

1d, Kinds of damage done by animals,

Practically all of the insects that we shall have to consider
do their damage by the actual biting off and chewing up of the material,
Hence, whether or not they digest any of the material, they still
effectively remcve it. This sort of attack leads to several resultes,

' First, the usable materisl is actually diminiehed in quantity
Second, a good deal of it which 1s not digested 1s ground into nowder.
This is e very characteristic sort of damage by grain 1nsects. Thirg,
the food is nore or less contaminsted by excrement and by the dead
bodies of the insects. This means that it suffers both in aonearance

end in flavor,

A few inc-cts, n-%sbly ropches,'by nmerely oassing over food
may leave behind substances of disngrrenble odor so that whether or not
they have actually attacked the food, 1t is more or less snoliled,

It often havoens, esnecinlly with paver and cloth, that demag
1g found but the culovrit cannot be caught in the act. Fortunrtely from
exnceriments carried out by Dr. H, L., Sweetman we have authentic exsmoles
for study, reoresenting some of the more obscure tyves of dannge, The
less obscure cases nre well known to sveciellists., However, the busy
officer mey resdily overlook the actunl insects, which may be nresent,
narticularly if the insects nre agile, snall in size and few in nunber,

The evidence *hich pests leave behind coneists of (n) the
nctuel dnmage, (b) chewed bits of the material (frmes), (c) droooings
or exorement (which sometimes is nlmost wholly frass), (d) dend insects,
fragments of insects, crst skins of 1lnrvne.

The diagnosis of dsmege 1s further comnlicated by the vossibl
oresence of insects which have nothing to do with the dansge. Some of
these are narasites end cemo-followers, a few are looters, Aand some may
even be consldered innocent bystanders.

There are four main classes of orgenisms which do avoreciable
damege, These are the mamnals, the insects and arachnids, and the fungil.
Damage by birds is known but is rare end usually highly svecialized, sucl
as the caching of acorns in televhone voles. _

Damege by mammals is due chiefly to rodents, rate, mice,'etc.
A few cnrnivores, bears rnd wolverines, will break 1into food stores.

le. Reletions of the animnls to the Materials dameged.

Obviously, most of the insects which come into consideration
are acturlly feeding on the moterials which are affected. Thie results,

!
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as I have already 1indiceted, in more than one kind of damage. In the
cagse of rood, the mere oresence of the insects may render it essen-
tially inedible to an American, althourh natives in some nerts of the
world don't mind., In the case of equivage, the essential noint 1s not
deterioration of the avnearance of the material or the vresence of the
insects, but the loss of strength,

The second relationshiv is esvecially met in the case of
certain wood'-boring organisms like carventer ants, which use wood
only as a vlace of residence. They derive their food from some ot er
meterial, Here again, i1t 18 loss of strength which is imoortant.

The third relationshio is similar but temvorary, It i¢
illustrated by various larder beetles and their relatives which, in-
festing a food materlal, leave it at the time of puvation and oroduce
cavities of relatively slight denth in nearly any sort of sdjacent
meterial., When the transformation of the insect is comnlete, it leaves
the cevity as en adult, Here again, long continued attack leads to
loes of strength as well as making possible the maximum increase in the
vovulation of the food-infesting insect.

A more interesting, and in some vays, more useful classi-
flcation of the relation of insects to the materials - derives from a
classification of wood-boring beetles provosed some years ago by Pro-
feasor Tragardh.

(1) Permanent vests - those wests which sre able to infest
continuously the same material as long as it has adequnte food or
ghelter value, So far as wood is concerned, these are termites, many.
beetles, carventer ants, and in other materlials, we may esveclally
voint out the bean weevil and a large provortion of the grain insects.

(2) Bark vests - this category anolies to wood only and
refers to those beetles that are able to infest wood continuously as
long as 1t 1s covered by bark, but which cease overations when the
bark finally falls eway,

(3) One-generation vests - here are vlaced the insects
that require the material to be in scme svecial strte of curing in
order to infest 1it, and which gp through only one 1ife cycle and then
look for new material since that fron which they have emerged is no
loneer suitable for ovivosition, A considerable number of wood-boring
beetles occur here, but in addition there are a few other inseets in
the same category. Perhavs the best one of these is the nea weevil,
which 1s able to infest neas in the field but will not lay its eggs
on dried neas,

(4) Secondary vests ~ these insects follow uv some sort of
damage by orimary insects (those of the first three categories end
the following category), or are attracted by the ovresence of some nar-
ticular microorganism (mold or yeast) which is the source of orimary
demage. In a few instances, such as the flour beetles of the genus
Tribolium mechanical damage may be all that is required tc give the
insect a start,




(5) Temnorary nests - the insects included here are for the
moet vart carnenter bees and wasvs. They are but little concerned
with the actus] state of the material, but utilize it only in connec-
tion with some gvecial nart of the life cycle and are absent from the
materlal during some portion of the year. We can scarcely envisage
such a category among food or fabric insects.

(6) Accidental vests - this is by way of being a catch-all
for the cseses that do not fall readily into the nreceding grouvs, It
may be used to include, for examnle, instances of attack on inedible
materials or edible materials far out of the ordinary range of an
insect's food. It is orobable that, for the most vart, damage to

metals might be placed here.

(7) Predators and Parasites - only a few of the insects that
fall into this category have been considered in this revort at all,
The criterion that I have used is whether or not the insect was able
on its own account to do some real damage to the material, In the
case of the red-legg~d ham beetle and the larder beetle, we can be
reasonebly sure that their interest 18 very often that of scavengers
unon insects already oresent, or as oredators, I know of no narasites
which, in themselves, cause danage. Ultimately, in the control »f
household insécts, this category will achieve pgreat imnortence,




1f. Basic bioloeical information on insects,

In this section I intend to notice briefly some noints in
the biology of insects which are reoulsite for the understanding of
what follows and for a reasonable systen of control measures Aand
regulations,

1f1, Structure of insects.

The body of an insect is divided into three regions
which, beginning at the front end, are: head, thoravx, and abdomen,
In nrdult insects there is usually no Aifficulty in distinguishing
these three regions, We begin with = descrintion of these regions in
the adult. It is not my intention to be exherustive with regard to
unimmortent structures.

The whole body of an insect may be thought of Aas
comnosed of 2 series of horny rings enclosing the viscers, each ring
being nttached to the adjacent ones by an extremely thin nortion of
the aeme horny material, The same ring structure is elso charrcter-
istic of the true anvnendrges,

The head 1s » horny caovsule usually of somewhnt
globular form, It bears severnl avnendafes and the eyes &nd mouth,
With but two or three exceotions the insects with which we deal voecess
eyes. These are located on sides of head toward the front, and are
comoosed of many facets. In addition on the too of the head near the
center line there mey be one, two or three nuch snaller simnle eyes,
The nntennee, vooularly called feelers, are usunlly slender And many
jointed, They are atteched to the head above and behind the eyes in
most crees, The entennae mey be used as tactile organs but chiefly
they ere the seat of the sense of snell. On the lower front n»nart of
the hend will be found the mouth anoendeges. The actual mouth onening
18 some dlstnonce behind them et the base of r» mouth cevity, Prrcticelly
all the insects we nre interested in vossess » valr of strong blting
mandibles or jaws, Unlike our own jaws these work crosswise, The
actunl biting edge is toothed., The excentionnrl grouvs ~re the moths
snd the fliee in which, eo far as we nre ccncerned, mandibles nre
wanting in the sdult, Behind the mandibles come two other oairs of
mouth verts. They are not ndented to titing m~nd are chiefly interesting
becruge they nre the nmain location of the sense of trgte, As n
conscquence an inscct may taste without taking any food into the
mouth, These routh varts may be modified to form nll or vart of the
gsucking tube with which rdult moths and flies are nrovided.

The thorex is comnosced of three segments more or less
firmly soldered together., In nassing it should be nointed out that
bees, wasvps and ants ahsorb into the ponrrent thorax, the first of the
abdominal segments, This fect ceuses no nrecticel difficulties, With
few rare excentions the thorax is orovided with three oairs of legs.
This 18 »robably true in the nmdults of all the svecles we 1list. COCne
vair of legs arises from erch of the three segnents, The names of
the immortant oarts of the legs are shown in figures 1 end 2, 1In
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rddition to the lepas the thorasx ney bear one or two orire of wines,
never more. The wings are usu2lly brond ~nd long structures but 1n

few cnses one or both of the vailrs mey be reduced, if not wholly wanting,
or may be considerably thickened, The first »nlr of wings rriees from '
the middle segment of the thorax nand the second nalr from the third
segment. In the true flies the one valr of cvident wings 1s the
anterior vnir., In the beetles the winge used for flieht ere the
vosterior oair, The snme 1s true of the earwlgs,

The underside of the tins of tle legs may be » seat
of the sense of taste.

The ebdomen consists of a varinble number of visible
segments, never more then 12. At first eight i1t does not nossess
sovendages but at the hind end are various nccessory renrocductlve
structures such ns clasvers and egg layers which are vnartly, et least,
sovendages, In a few grouns the tiv of the aBdomen 1s nrovided with
a mair of thorn-like structures called styli. It mey nleo have a valr
of cerci, These may hardly differ in annenrrnce from styli or they
mry be very long many-jointed tails or they may be a vair of forceps,
®hen the cercl ere tall-like as in silverfish and nay-flies there 1s
commonly vrescnt & third teil of sinilar structure in the nid line,

As v111 be brought out further in Section 1f3, the
young of insects in some crses sre exceedingly live the adults, differ
only in smeller size, lack of fully develoned winge and lack of
develonnent of accessory reoroductive structure. In other cascs the
young are of quite different structure from the adults, The body
regions are »ften less distinct; the legs nnd entennae shorter or
even somerently wanting, Such young insects, celled larvae, may nlsn
onssess sucker-like frlse lege nn the underside »f the abdomen. Where
it 18 necessary t» determine the body regions this can be done by
remembering that the hend consists nf a single aooarent segment and
enontains the mouth opening Ané thot the thorax dnee not conslst of nore
than three segments, The rest »f the body is then nbdomen, The only
caseg in which the body regions nust be nrde out the herd 1s oulte
distinct and the thoracic lems ~re cvident end tiomed with clnwe, not

with suckers,
1f2, Fond hnbite and f2nd getting,

~ The insccts with which we are concerned feed by twn
methods: by chewing or by sucking, In the first csse the mandibles ~re
well develoved, In the secona case they are nore or less wanting and
other mouth verts rre develoved into sone sort of tubuler aonarstus,
The young or larvae of the flies are sn excention since they do not
have chewing mandibles nor sucking mouth oarts but rather lap up
liquified food nroduced either by nicrobic decay or by externnl
digestion due to the insects themselves,

It 1s evident that only the insects with chewing
mouth narts can, generally sovesking, ntteck solld foods, Those with
sucking mouth narts being linited to liquid food.




In those cases in which there 1s no great distinction
between the structure of adults and young both feed, almost without
excention, on the same kind of food by the same method., Where, however,
the larva differs greatly from the adult it nay feed by entirely dils-
tinct methods on entirely different food, This 1s shown in the case
of moths where for examnle clothes moth larvae chew uv dried animal
substances or eeeds and the adult imbibes at the most only a small
amount of fluid. Probably the adult clothes moth tekes no food whatso-
ever. Even where the mouth varts of young and adults are essentially
aimilar as in the beetles there may be a good deal of difference in
thelr food. The carvet beetles of the genus Anthrenus have young that
feed mostly on dead animel matter. The adults, however, feed mostly on
oollen and arc common on flowers. Even in these cases of divergence
of foods the edults lay thelr eggs under conditions sultable for the
develooment of the young snd usually directly on the larval food,

In generel, insects find food first by thelr sense
of smell which leads them to 1t from a distance and second by their
sense of taste which 1dentifles the food substance uvon actual contact.
It 1s highly unlikely that many of our formg find their food by sight.

In ants, bees, And wesps there is n verieble develov-
ment of the hrbit of transvorting rood back to the nest and sharing
1t with other rdults and with the young. This tresnsvortation occurs
in two ways. First, the actusl food material, & bit of mcat or the
leg of a dead insect or & seed, moy be carried back &s such and 1in
the nest broken up, sometimes by sveclal individuals, into frogments
suitable for eating. Or the food, nerticularly 1f fluid, may be taken
into the crov of the ant that finds 1t end so trensoorted. It 1s then
recqurgltrted to other individurls, In the meantime, it hes been to
gsome extent modified by digestive wnrocesses, This sort of food
transportation 1s not entirely confined to liquld foods.

13, Renroduction and development

In their develooment insects vass through 2 number of
discrete stages sevarated by molts and these stages nay be consldered
as forming 3 grouvs, First, the egg; second, the immeture strges,
snd; third, the sdult.

The eggs of insects are generally somewhnt elongate
emall bodies invested with a flexible nnd very lmvervious shell,
Within the egg the early develonment takce nlace and upon hatching the
young enimal is quite clearly an insect, although it mey differ in
many resnects from the vorent, The eges of insects are 1laid 1n a
grest variety of situations but ysunlly on or near avvrooriate food
for the young insect. In excentional ceses, such as the flesh flies,
the eggs are hatched within the body of the female. All asvnects of
the develonment of insects vary in their goeed with temverature,
There 1s, however, a mininum temmersture below which develoonent does
not occur end similarly a maxinum tenverature above which the insect
dles. It 1s generally considered that the mininum temmneraturc is




the seme for nll stages of A given snecies but 1t is known that the
maximum temmerature varies slightly deoending uvon the strge, The
increecse in the sveed of develownent 1s coneiderably greater then the
rete of change of the temverature, As a2 rough guide we may sfy thrt
for each 18°F risc of temverature the rate of develooment is doubled,
Consequently all estimates of the time required elther for the hatching
of eggs or for the comnletion of develonment are uncertain unless stated
in terms of the tenverature, In general, however, the eges of most
vest insects hatch within a rather few days unless they are subjected
to low temverature when they may survive without hatchine for weeks

or nerhans months.

The egzs of insects are extraordinarily resistant
to moat of the chemical egencies uscd for insect control ~nd it crn
generslly be assumed thet an insecticide will not kill eeas, although
it kills =11 of the other stages., For this resson, 1t 1s often
necessary to meke two or more aovovlicrtions at short 1lntervals in order
to kill the young which have hetched from eggs nresent when the first
novlicrtion was made. On the other hand, insect eggs are readily
killed by exposure to elevated temverertures and sometimes by drying.

While a mejority of insects with which we are concerned
lay their eggs loosely in the food mrterinl » few make sneclal nro-
visions elther by inserting the egg into the food material, as 1in the
case of the grein weevils, or by festening 1t to the nateriel as 1s
done by the bean ~nd mea weevile end the nowder vost beetles,

The immeture steges of insects, after hatching, ere
separeted into two generel tynes, depending upon the method of
transition of the 1l~st inmmnture stnge to the adult insec¢t and on the
method of wing develooment, In the more nrinitive insecte these in-
mature steges are called nymohs. A nynmnh resenbles the eadult of the
game snecles in most resvmects cxcevt for smaller size, 1incomnlete
develooment of wings and of externnl renroductive structures 2nd on
the vhole the transition from the newly hatched nymph to the ~dult
is a rnther gredunl one. The excentionel cases are nlmost entlirely
confined to aquatic ingects, such ers may-flies and drrngon flies,
Generelly evenking, in insects of thils tyne there 18 no quiescent stage
nreceding the adult,

) The other tyne of develooment involves young 1insects
which #re very different in evnmearnnce from the ~dult ~nd ~re crlled
larvae, In generel, o larva hes the body less heavily armored then
the sdult, shows » nuch less develonnent of legs, antennne, ~nd eyes;
frequently hes quite different mouth varts; shows no indication of
growing wings, When the lervee is fnll fed it ordinarily retreats to
some sheltered olrce, often enclosing itself in s sllken cocoon nnd
molts ot lerst once. In this qulescent stage it 1s referred to rs &
pupa. After a resting veriod the adult insect emerges fron the ovuval
coverings,

We heve =lready sovoken of the relation between
temverature and the rate of develomment 2nd it remaineg to voint out




that under n~tursl conditions, esnccially in the tenvernte zone, most
snecles of insects nust find some way of vessing the winter, The stage
in rhich this occurs may be eny one of the develoomental stages ~nd

it may be invariably the same one for a given snecles or it may vary
emong individuals. In many snecles the 1life cycle 18 less than annual
and only vart of the individuals hnve to over-winter. Hence, the
greet variation assigned in the literature to the develoomentel weriod
of a narticular specles. For many insects, it 1s much more convenient
to state merely the number of generations ver year. In nany instances
the same svecles of 1ngect overwinters in the temverate zone but
breeds continuously in the trovoies.

I have not given much information concerning the
number of egzs lald by insects. The variation is considerable among
individuels of the same svnecles. The figures are not very trust-
worthy. The variation from one svecles to another 18 not extremely
greot, I would asslign a ratio of 4 or 5 to 1 between the most and
the least nrolific. Furthermore, such ficures give no indicstion of
the death rate during develonment. 8Since the variation in fecundity
18 relatively small, as A nrrctical natter the rate of increase of
en 1nsect population 18 more dewendent unon the nunber of insects
introduced at the beginning than unon the number of eggs each one cnn
nroduce, It will be quite evident thnt 1f we introduce 10 fertilized
females, capable of laying 100 eggs each, we give an infestation a
much better steart than by introducing one fertilized female, capable

of leying 500 eggs.
1f4, Requirements for existence.

At the risk of being trite, I venture to sunmarize the
well known requirenents for the exlistence of insects At a Ziven point
on the earth!ssurface.

a. Alr. No insect can eet along continuously with-
out en rdequate suvoly of oxygen. On the other hand, many \insccts,
narticularly edults, can susnend theilr resgsojiratory movements for
conslderable veriods of time, sometines 24 hours or more, and cet
elong on alr stored in sacs within the body. This 1is nossible vortly
because insects do not require large quantities of oxygen in unit
time and vartly because many of them o2n withstend considerable
concentrations of carbon dioxide. For this reason fumigation with
irritant gases, for examvle formaldehyde, is unsatisfactory unless
the fumigetion times are very lengthy, For this resson also, 1t 1is
desirable to fumigate, 1f vossible, at noderate or cven elevated
temveratures, in any event above 60°F. Below that temverature for
many insects the rate of breathing is extremely low, On the other hend,
it 18 known that under some conditions insects are killed quite quickly
if confined in hermetically sealed containere, I have not found any
adequate discussion of the conterined geses but I would surmise fron
the materinls in which the insects were that the oxygen in the con-
talner was used uo very quickly.
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b, Moisture. No living organism can survive
indefinitely without moisture. Many 1insects, narticularly adults,
have low rates of moisture loss, but they do lose water, Consequently,
we £ind in all the cases which have been investigated that some water
as such rnust be contained in the food, the amount devending uvwon the
gnecies of insect and to a lesser extent uvon the kind of food, It
seems to be a falr generalization that the minimum amount of rnoisture
in the food 1s, at least, 6%, for sone snecles it 1is, of course, very
much higher and it is immortant to note thet this figure 1s below the
molsture content of most of the substances like wood or grain vhich
we think of as verfectly dry.

¢. Food. 8o far as our knowledge goes at nrecsent
we cen define the fond of insects only in terms of very conmplex naterial
®e may hove ultimately to be able to state it in terms of chenical
entities. However, this is less immortent than it seems because insects
choose their food or the food of thelr young aovarently in great nart
on the basis of substances which have no ¥nown nutritive significence.
The most imvortant of these are undoubtedly odoriferous substances.
A homely examole of this 1s the attraction of carrion feeding flies
by the flowers of the skunk cabbege and the carrion flower, in a few
cases, in ~ny event, the rdult actually deternines the oresence of
nrover nutritive materials, This is the cnee 1in the vowder vost
beetles. Consistency may slso be a fector in fond cholce, although,
in general, this affecte the individuel and is not involved in the
cholce of ege layine site by an adult fennle. For exemnle, . ome
insects cen atteck whole unbroken grain where other insects are able
to attack only grain which has been onreviously injured, Thie enrears
to be due to the reletive ability to bore through the bren layers.

4. Temverature. I have already svoken of the
effecte of temverature under 1lf3 end but little need be added here
beyond vointing out that the total emount of hent averilable olays a,
oart in the existence of insects, For examole, an adult insect nay
survive at an average temmerature too low to nernit of renroduction,
Ag a consequence sone insects nmay occur out-of-doors in temverate
zonee in the summer but do not, so far as we know, revroduce under
such conditions,

e. Enemies. It is nmerfectly obvious that no insect
can su>vive in the face of an overwhelming ponulation of 1ts enemies.
It is not evvorooriate here to go into & long discussion of insect
enemies, We will noint out, however, thet oceesional infestations of
food infesting insects or of wood boring beetles are elininested by
predaceous insects, although, genernlly sveaking, the 1lntter insects
are regerded with ng much distrust as the real infcstant, Certain
tyves of insects efre unable to exist in commetition with a heavy growth
of molds but here again the cure is at lesst one bad rs the disense.

115, Distribution and dissemination,

It is nerfectly obviocus that an animal can only
survive in such nlaces as the environment comnletely neete At lenst

11




its mininum reauirements for existeace. The generrl nature of these
requirements hes alrendy been discuseed in 1f4, The chilef significence
of the oreceding statement 1s thrt we do not find ordinarily a unifom
distribution of aninels over wide arens. For examole, in northeestern
America the blrck cockroach is e house insect and 1s wanting, there-
fore, st ell those vointes which sre not occunied by hested buildings,
in svite of which we say that its distribution is cosmovolitan., What
we reclly menn by such ¢ staterent 1s thrt the blrck cockroach is =#s
nearly uniformly distributed over the enrthlssurfece es 1ts svecinl _
requirements for existence nermit nnd thnt it may be exvected to cvwnear
8t e~ny noint where those requirements become esteablished in the future,
In rdéition to the restriction of distribution imwvosed by the charncter
of the environment there are further restrictions imposed by natural
barriers, euch as bodies of water, deserts, and mountain rnngea. The
effect of these barriers ies different u»non different insects., Certain
insects of oowerful flight, for exanvle, are mble to transgress most
barriers of moderate extent, They mey even avnear far north of the
rrers in which they can breed, Perhans fortunetely rlnost none of the
vest insects hrve more than qulite linited novwer of flight, but this
tyme of distribution dnes come into the agricultural nicture,

A large number of nest insects with which we are
concerned may be considered as domesticated insccts and the question
may well erise: have their cherercteristics been changed ne » con-
sequence of domesticrtion, I think e cnn safely say "No"., It is
true thet the domestication hrs been an sdventsge to the insect fron
the noint of view of more ready diesseninetion £nd ncre uniform living
conditions, but so fer o8 I cAn see none of the insects have been to
our knowledge nltered by domestication, nlthough one or two of them
are verhavs not now known in the wild stete, This enables us to
sngwer negntively esnother question; nsmely, whether it is likely thet
the introduction into dwellings or storehouses of an insect nnt now
found there will result in the insect becoming svecifically mdavted
to such an environment snd nore Gaifficult to erndicrte,

Insects may be dissenminated in two mein wnyg,
naturelly end rrtificially, Neturnrl disseminetion devwends either uvon
the uneided efforts of the insect or unon its crrringe by some natupral
agent such as wind, water or mnother enimal, It 1s evident that this
1s » slow nnd, from the stendnoint of the iusect, hazerdous nrocess.
Artificial dissemination is the tronsnortrtion of insects from vlace to
vlece by man end in the crse of many vnests this 1s 2n extremely
satisfactory method. The insect necd merely find an anovronriate food
end etay in 1t and 1t willl be carried then to any region to which the
food 1tself 1s taken and there it has usuerlly n good chance of finding
uninfested and aooronriate food, Undoubtedly 211 of the cosmovolitan
nest lnsects are of vide distribution due to artificial disseminmtion,

There are certain tyves of insects, narticularly
termites, which are difficult to disseminate, In such cases, it does
not suffice to cerry one fertilized femnle. In generel, both a male
and female ere reouired nlus n greater or lesser number of workers,
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] are very few records of the artificial introduction of a termite into
a strange locality,

Prof., E, O, Essig of the University of California has
recently written a sumnary of the conditions condueive to insect

infestations and of gome of the nethnds of introduction of nest insects
which I quote with a few modifications,

Househqold conditions conducive to pest infestation.

1. Poor hcusekeeving - any devarture from scruoulous cleanlinegs
leading to minor but numerous accumulasions of edible substances,
. Accumulation of ed.»sle waste - unnecessary storage of garbage,
skins, hair or wool,
3. Poor storage facilitiesg - damp, dark closets or basements,
lack of light ana ventilation, imverfectly closed containers, incorrect
stacking of cases,

» Wild or dimestic animels, indoors or under buildings - shed
hair and scales, dung,
5. Defects of construction - cracks and other hiding nlaces or

access ways, 1lneffective screening, insufficient svace under builgd-
ings. :

Means of introduction of vests,

1. By natural means through attraction by odors, for example -

(1) Vinegar flies - fermenting fruit Juices, olive pick-
ling brine, etec,

(2) Cheese skippers - aged cheese.
(3) Dermestid beetleg - 111-smelling cured meats, hides,
bones, and damv woolen materials, furs, hair, feathers,

and other animal oroducts, etec,
5 2. By man.

(1) In supplies from infested stores and warehousee,
a) In cereals, etec,
(b) Prooinquity to infested native materinrls

Relations of insects within the household,

§ Insects once established indoors may rurnish suitable living con-
ditions for the entrance and liveiiliood of other insect vests,

(1) Honeybees nesting in chimney attract -
Waxworme
Dermestid beetles
Flour moths
Ants
(2) 1Insects living in cereals, dried fruits, and other nroducts
may soon be accomvanied by:
Dermestids living o1 the const skins
Parasites and nredators attacking thenm

Scavenger beetles end flies feeding on
the offal,
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In order to sho™ the extent to which vest insects have become
widesnread I introduce the following %abuletion of the total number
of snecies so far listed, and the number of swecles having a wide
distribution:

Total Total of
Snecies Cosmo- Wide- Tronico- 3 Preceding
on List politan snread opoliten Columns
Thysenure 1l 2 1 3
Orthovters 22 5 7 12
Dermantera 2 1 3
Isovtera 137 1 1
Embiovnters 1
Evhenerovtera 2
Psocootere 19 2 2
Trichootera 12
Lenidootera 102 20 6 6 32
Coleovtersa 547 66 Ly 16 126
Dintera 71 3 5 &
Hymenootera &8 2 5 10 17
Arachnids RN 3 £ _ _5
1058 103 64 Yo 209

1f6, Keys =nd their use,

In order to meks noseible the identificrtions of the
ma jor grouns of insects end clnsely relsted animnls resnmonsible for
demege I introduce in this gection two keys, Other keys will be
given in lrter sectiona, It will be seen on turning to the firet
key thet it consists of sets of numbered neregresohs, The nrragrevhs
under » given number contein mutuelly exclusive grouvs of character-
istics, With the svnecimen or drmage in hand one commeres the rctuel
object with the ststements made under the naregreoh numbered "1",

One of the sete of cherscteristics should agree with the snecinen,

snd to the right of this naragrevh will be found either » nsme or a
nunber, If 2 neme is found, thet is the required rnswer, If » number
is found the stetements under thet number ere commared »rnd A new
choice merde, This »nrocess is continued until »n nnswer is obtrined.
If »t rny noint no cholce ceon be mnde, thet is none of the statements
poOly comnletely, then the object in hané 1s not included in the key,
or some error hes been mede in one of the choices, Pertiesl mgreement
ig not sufficient, If it is immossible to decide between the twn sets
of stetements one mey continue g though both were true ~nd at esome
leter noint it will nrobably be nossible to decide which 1s reelly
correct,
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Key to distinguish the chief grouos of insect-like animale.
TA1l referenceg are to Figures 1l And 2)

No sntennse: legs usuelly four nalrs, never nore;

body divided into not more then two reglons ePné.

»ften not clearly divided, tiie leg-bearing region

glways fused with the herd. (fie. A) . . .. . . Arrchnida

Antennae nresent, legs, three nairs or five, or
more; body divided intoc three more or less evident
POELONB o o o o o o o o s o o b s s e e e s e 2

Antennae not evident; lege wanting or qulte short,

body soft, more or lese worm-like regions obacure,

even the herd nery be indistinct, lfig. Q.Y.2.A.A,)s0ome imnmeture
insects (grube
end mapgzote)

Not more then thrae orire of evidently Jointed
legB. (rlgo B) e 6 8 o o 8 e 8 o e e e o o o 0 o InEBCtS

At lerst five sand ususlly seven nairs of legs, , certain Crustrcen

At lenst fifteen veirs of lege « ¢« o o o ¢ o o & myriavnods

eferences Are to Figures 1 ons 2)

Key to certain orders of insects
(AIT r
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